Abstract. We consider here the genericity aspects of spacetime singularities that occur in cosmology and in gravitational collapse. The singularity theorems (that predict the occurrence of singularities in general relativity) allow the singularities of gravitational collapse to be either visible to external observers or covered by an event horizon of gravity. It is shown that the visible singularities that develop as final states of spherical collapse are generic. Some consequences of this fact are discussed.
Introduction
After the advent of singularity theorems due to Hawking, Penrose and Geroch in the late nineteen sixties, the role of spacetime singularities as an inevitable feature of Einstein's theory of gravitation became clear. Such singularities occur in cosmology and in gravitational collapse. They also lead to situations where the gravitational field becomes ultra-strong and grows without any upper bound. The above-mentioned theorems further prove that the singularities manifest themselves in terms of the incompleteness of non-space-like geodesics in spacetime.
It is possible that such singularities represent the incompleteness of the theory of general relativity itself. Further, they may be resolved or avoided when quantum effects near them are included in a more complete theory of quantum gravity. Nevertheless, there is a key point here. Even if the final singularity is dissolved by quantum gravity, what is important is the inevitable occurrence of an ultra-strong gravity regime, close to the location of the classical singularity, in cosmology as well as during the dynamical processes involved in gravitational collapse. This affects the physics of the Universe. An example of such a situation is the big bang singularity of cosmology. Even though such singularities may be resolved through either quantum gravity effects [1], or features such as chaotic initial conditions, the effects of the super ultra-dense region of gravity that existed in the big bang epoch profoundly influence the physics and subsequent evolution of the Universe. Similarly, in the gravitational collapse of a massive star, the same theorems predict the occurrence of singularities which can be either visible to external observers or Pankaj S Joshi hidden behind the event horizon giving rise to a black hole. In the case of a collapse process leading to a visible or naked singularity, again the important issue is how the inevitably occurring super ultra-dense region would influence the physics outside.
The above discussion does not imply the absence of singularity-free solutions to Einstein's equations. There are many examples of such solutions (see e.g. [2] in this volume). In fact, the Gödel Universe is a cosmological model which is geodesically complete. Also, Minkowski spacetime is the vacuum solution which is geodesically complete. For an additional discussion of singularity-free models in general relativity, we refer to [3] . Again, in gravitational collapse, one could start with a matter cloud which is initially collapsing. However, there could be a bounce later and the cloud may then disperse away, at least in principle. In such a case, no spacetime singularity or ultra-strong gravity region needs to form.
Since its derivation in the early 1950s, the Raychaudhuri equation [4] has played a central role in the analysis of spacetime singularities in general relativity. Prior to the use of this equation to analyse collapsing and cosmological situations for the occurrence of singularities [5] , most works on related issues had taken up only rather special cases with many symmetry conditions assumed on the underlying spacetime. Raychaudhuri, however, considered for the first time these aspects within the framework of a general spacetime without any symmetry conditions, in terms of the overall behaviour of the congruences of trajectories of material particles and photons propagating and evolving dynamically. This analysis of the congruences of non-space-like curves, either geodesic or otherwise, showed how gravitational focusing took place in the Universe, giving rise to caustics and conjugate points. Before general singularity theorems could be constructed, however, another important mathematical input was needed in addition to the Raychaudhuri equation. This was the analysis of the causality structure and general global properties of a spacetime manifold. This particular development took place mainly in the late 1960s (for a detailed discussion, see e.g. [6] or [7] ). The work of Penrose, Hawking, and Geroch then combined these two important features, namely the gravitational focusing effects due to matter and causal structure constraints following from global spacetime properties, to obtain the singularity theorems.
We review these developments briefly in §2. We then point out that the main question here is that of genericity of such spacetime singularities, either in cosmology or in collapse situations. The singularity theorems, while proving the existence of geodesic incompleteness, by themselves provide no information either on the structure and properties of such singularities or on the growth of curvature in their vicinity. Some of these issues, together with the possible avoidance of singularities, are considered in §3. We then discuss the genericity aspects of visible singularities in §4. Section 5 contains some concluding remarks.
The occurrence of singularities
We discuss here the occurrence of spacetime singularities in some detail within a general spacetime framework, and point out the crucial role of the Raychaudhuri equation therein. The basic ideas involved in the proofs of the singularity theorems are reviewed, and what these theorems do not imply is pointed out.
